The Amaranthaceae plant, Pfaffia (P.) glomerata, which is so-called as Brazil ginseng in Japan, is widely cultivated in South American countries such as Brazil, Ecuador, and Panama. The roots of this plant are used as a Brazilian folk medicine for a tonic and treatment of diabetes. The extract from the roots of P. glomerata has been reported to possess gastroprotective, 2) anti-oxidant, 3) and anti-inflammatory effects.
medicine for a tonic and treatment of diabetes. The extract from the roots of P. glomerata has been reported to possess gastroprotective, 2) anti-oxidant, 3) and anti-inflammatory effects. 4) On the other hand, ecdysterone has been characterized as the principal constituent from the roots. 5, 6) However, chemical and pharmacological studies on the roots of P. glomerata have not been investigated sufficiently yet. During the course of characterization studies on the bioactive constituents of Brazilian natural medicines, 1, [7] [8] [9] [10] the ethyl acetate (EtOAc) and 1-butanol (1-BuOH) soluble fractions of the roots of P. glomerata were found to show inhibitory effects on melanogenesis in theophylline-stimulated B16 melanoma 4A5 cells. From the EtOAc and 1-BuOH soluble fractions, we have isolated a new noroleanane-type triterpene, pfaffianol A (1), two new noroleanane-type triterpene glycosides, pfaffiaglycosides A (2) and B (3), and three ecdysterone-type sterol glycosides, pfaffiaglycosides C (4), D (5) , and E (6), with eight known constituents. Furthermore, we examined the inhibitory effects of the fractions and principal constituents on melanogenesis in theophylline-stimulated B16 melanoma 4A5 cells. In this paper, we describe the isolation and structure elucidation of the new constituents (1-6) and the effects on melanogenesis of the principal constituents from the roots of P. glomerata.
The roots of Brazilian P. glomerata were extracted with methanol (MeOH). The MeOH extract (20.3% from the roots) was partitioned into an EtOAc-H 2 O (1 : 1, v/v) mixture to furnish an EtOAc-soluble fraction (2.0%) and an aqueous phase. The aqueous phase was further extracted with 1-BuOH to give 1-BuOH-(4.1%) and H 2 O-(14.1%) soluble fractions. The EtOAc-soluble fraction [inhibition (%): 70.4Ϯ1.5 (pϽ0.01) at 100 mg/ml] and 1-BuOH-soluble fraction [inhibition (%): 25.0Ϯ3.3 (pϽ0.01) at 100 mg/ml] were found to show the inhibitory effects on melanogenesis in theophylline-stimulated B16 melanoma 4A5 cells. The EtOAc-soluble fraction was subjected to normal-phase and reversed-phase silica gel column chromatography and finally HPLC to afford a pfaffiaglycoside A (2, 0.00036%) together with a known compound, 22-oxo-20-hydroxyecdysone (12, 0.0008%).
11) The 1-BuOH-soluble fraction was subjected to normal-phase and reversed-phase silica gel column chromatography and finally HPLC to afford pfaffianol A (1, 0.0014%), pfaffiaglycosides B (3, 0.00027%), C (4, 0.00009 %), D (5, 0.00005%), and E (6, 0.00005%), together with seven known compounds, akebonoic acid (7, 0.00008%), 12) boussingoside A 2 (8, 0.0011%), 13) ecdysterone (9, 0.46%), 14) taxisterone (10, 0.0023%), 15) pterosterone (11, 0.0018%), 14) 2b ,3b ,14a ,17b -tetrahydroxy-5b -androst-7-en-6-one (13, 0.00053%), 16) and pfaffoside C (14, 0.0037%).
17)
Structures of Pfaffianol A (1), Pfaffiaglycosides A-E (2-6) Pfaffianol A ( C-NMR spectra resembled those of akebonoic acid, 19) except for the signals around the 16-position. The double quantum filter correlation spectroscopy (DQF COSY) experiment on 1 indicated the presence of partial structures written in bold lines (Fig. 1) , and in the heteronuclear multiple bond connectivity spectroscopy (HMBC) experiment, long-range correlations were observed between the following protons and carbons: H-12 and C-9, 14, 18; H- 25) except for the signals due to the terminal side chain part (C-25-C-27), while the proton and carbon signals due to the glycoside moiety were superimposable on those of ecdysterone 25-O-b-D-glucopyranoside. 24 Inhibitory Effects of Constituents on Melanogenesis in B16 Melanoma 4A5 Cells Melanin production is principally responsible for skin color, and melanin pigmentation is a major defense mechanism against ultraviolet rays from the sun. On the other hand, the excess melanin formation after sunlight exposure for long periods of time causes some dermatological disorders such as melasma, freckles, postinflammatory melanoderma, and solar lentigines. To develop melanogenesis inhibitors, we have reported the inhibitory effects of several diaryheptanoids and flavonoids in theophylline-stimulated B16 melanoma 4A5 cells recently. 26, 27) As a continuing of these studies, the inhibitory effects of the constituents from the roots of P. glomerata on melanogenesis were examined. Among the principal constituents, pfaffianol A (1, IC 50 ϭ44 mM) and pfaffoside C (14, IC 50 ϭ92 mM) substantially inhibited melanogenesis without cytotoxic effects. The effects of 1 and 14 were stronger than that of reference compound, arbutin (IC 50 ϭ174 mM). On the other hand, ecdysterone (9) and its derivatives 10-13 did not show such effects (Table 2) .
Experimental
General Experimental Procedures The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); IR spectra, Shimadzu FTIR-8100 spectrometer; EI-MS and HR-EI-MS, JEOL JMS-GCMATE mass spectrometer; FAB-MS and HR-FAB-MS, JEOL JMS-SX 102A mass spectrometer; Cell Culture Murine B16 melanoma 4A5 cells (RCB0557) were obtained from Riken Cell Bank (Tsukuba, Japan), and the cells were grown in DMEM supplemented with 10% FBS, penicillin (100 units/ml), and streptomycin (100 mg/ml) at 37°C in 5% CO 2 /air. The cells were harvested by incubation in phosphate-buffered saline (PBS) containing 1 mM ethylenediaminetetraacetic acid (EDTA) and 0.25% trypsin for ca. 5 min at 37°C and were used for the subsequent bioassays.
Melanogenesis The melanoma cells (2.0ϫ10 4 cells/400 ml/well) were seeded into 24-well multiplates. After 24 h of culture, a test compound and theophylline 1 mM were added and incubated for 72 h. The cells were harvested by incubating with PBS containing 1 mM EDTA and 0.25% trypsin, and then the cells were washed with PBS. The cells were treated with NaOH 1 M (120 ml/tube, 80°C, 30 min) to yield a lysate, an aliquot (100 ml) of the lysate was transferred to a 96-well microplate, and the optical density of each well was measured with a microplate reader (Model 550, Bio-Rad Laboratories) at 405 nm (reference: 655 nm). The test compound was dissolved in dimethylsulfoxide (DMSO), and the final concentration of DMSO in the medium was 0.1%. The production of melanin was corrected based on cell viability. Inhibition (%) was calculated using the following formula, and IC 50 values were determined graphically.
inhibition (%)ϭ[(AϪB)/A]/(C/100)ϫ100
where A and B indicate the optical density of vehicle-and test compoundtreated groups, respectively, and C indicates cell viability (%).
Cell Viability The melanoma cells (5.0ϫ10 3 cells/100 ml/well) were seeded into 96-well microplates and incubated for 24 h. After 70 h incubation with theophylline 1 mM and a test compound, 10 ml of WST-8 solution (Cell Counting Kit-8 TM ) was added to each well. After a further 2 h in culture, the optical density of the water-soluble formazan produced by the cells was measured with a microplate reader (Model 550, Bio-Rad Laboratories, Hercules, CA, U.S.A.) at 450 nm (reference: 655 nm). The test compound was dissolved in DMSO, and the final concentration of DMSO in the medium was 0.1%. Cell viability (%) was calculated using the following formula.
cell viability (%)ϭA/Bϫ100 where A and B indicate the optical density of vehicle-and test compoundtreated groups, respectively.
Statistical Analyses Values are expressed as meanϮS.E.M. One-way analysis of variance followed by Dunnett's test was used for statistical analyses.
